Background: Forced vital capacity (FVC), forced expiratory volume in the first second (FEV1), and the ratio of FEV1 to FVC (FEV1/FVC) are considered as the major spirometry parameters. Serum uric acid is associated with increased risk of gout and cardiovascular disease. We analyzed the relationship between pulmonary function and serum uric acid level in the Korean men and women. Methods: This study was based on the data collected during the 2016 Korea National Health and Nutrition Examination Survey (KNHANES VII-1). A total of 3,411 adults were retrieved from KNHANES VII-1. Among 3,411 adults, 1,500 were men and 1,911 were women. Results: In this study, a significant negative correlation was observed between serum uric acid level and pulmonary function values only in females. Also, in the male non-smoker group, pulmonary function values were negatively associated with serum uric acid level (FVC %predicted, β=-0.014; FEV1 %predicted, β=-0.015). Conclusions: In this study, hyperuricemia was associated with the low lung function in males and females. In order to obtain an accurate assessment of the association between hyperuricemia and pulmonary function values, further prospective cohort study in the future is necessary.
INTRODUCTION
Forced expiratory volume in the first second (FEV1), forced vital capacity (FVC), and the ratio of FEV1 to FVC (FEV1/FVC) are mainly used as spirometry measurement values. 1) Serum uric acid is the final metabolite of purine and has antioxidative potential. There exist various studies on the effects of pulmonary function on serum uric acid level. [2] [3] [4] In a study, higher serum uric acid values were proportional to higher values of pulmonary function. 3) In the Japanese general population, a significant association was observed between female lung function values and serum uric acid values along with a strong correlation between FVC %predicted and FEV1 %predicted. 5) Also, a few studies have demonstrated a close link between gout and hyperuricemia and the criteria for the abnormal values of serum uric acid have been reported to differ depending on the gender. 6) Chronic obstructive pulmonary disease (COPD) is affected by various environmental characteristics such as aging, infectious diseases, smoking, etc. 7) Hyperuricemia is the result of interactions of factors such as the genetic and environmental factors. 8) It has been reported that smoking exhibit a significant association with hyperuricemia in Koreans. 9) Smoking and FEV1 values are identified as inflammatory markers. 10) Smoking leads to a decrease in lung function values.
11)
A recent study reported that uric acid levels were inversely associated with lung function. 5, 12) In another Japanese study, the subjects with airflow limitation had higher uric acid levels compared to never-smoking subjects without airflow limitation. 13) However, relevant literature on the relationship between pulmonary function and serum uric acid considering smoking status is sparse in Korea. Thus, the aim of this study was to evaluate the association between pulmonary function and uric acid level with respect to smoking status. Hyperuricemia was defined as an serum uric acid concentration of more than 6 mg/dL in females and 7 mg/dL in males. The participants were classified into three smoking status based on the World Health Organization classification (non-smokers, ex-smokers, and current smokers).
METHODS

Study design and participants
Statistical analysis
Statistical analyses were performed using the Statistical soft- In univariable analysis, the uric acid level was strongly associated with a variety of parameters ( Table 2 ). In females, FVC, FEV1, FVC %predicted, and FEV1 %predicted were significantly associated with serum uric acid levels. But, in males, FVC, FEV1, FVC %predicted, and FEV1 %predicted were not associated with serum uric acid levels ( Table 2 ).
In multiple linear regression analysis, FVC, FEV1, FVC %predicted, and FEV1 %predicted values were strongly associated with uric acid only in females (Table 3) . Among male non-smoker groups in multivariable analysis, uric acid was associated with the pulmonary function and the results are shown in Table 4 .
DISCUSSION
Our study revealed the existence of significant negative correlations between pulmonary function and uric acid levels only in females, which supports findings of previous studies. 5, 17) A study reported statistically significant uric acid levels in female COPD patients. 17) A Japanese study also reported a negative correlation between female lung function values and serum uric acid values. 5) However, a recent
Korean study reported positive correlation between pulmo-nary function and uric acid levels. The mean age of the study subjects was 40 years old. 18) In our study, mean age in the subjects was 58 years old.
The present study also showed the negative association between pulmonary function values and uric acid level in the male non-smoker group. The association between lung function and uric acid level was not observed in the male smoking group. In a Japanese study, serum uric acid levels in subjects with airflow limitation were higher than those in the never-smoking subjects with airflow limitation. 13) In our study, we did not analyze the association between lung function and uric acid by female smoking group because of small sample size for current female smokers.
Hyperuricemia can affect the status of diabetes, hypertension, kidney disease, and independently influence mortality. In addition, the prevalence of hyperuricemia is recognized as a public health problem worldwide. 19) Kidney function and serum uric acid level exhibit a significant correlation, hyperuricemia can occur due to an increase in serum uric acid levels under the condition of kidney disorder. 20) The higher uric acid levels have been linked with coronary heart disease (CHD) and there has been an increase in the risk of CHD associated with hyperuricemia. 21) According to the studies conducted in Korea, the prevalence rate of gout has been increasing annually. 22) The prevalence of hyperuricemia can be linked with gout and is considered as a threat to the health of young people. 9) Serum uric acid concentration has been reported to be positively correlated with insulin resistance marker (homeostatic model assessment for insulin resistance) and a higher concentration of serum uric acid is directly correlated with a higher incidence of hypertension. Also, it has been reported that serum uric acid concentration is positively correlated with high sensitivity C-reactive protein (hs-CRP), an inflammatory factor linked with hypertension. 23, 24) Serum uric acid levels are sensitive to tissue injury and inflammation and exhibit an increase in a nonspecific way. The COPD patients were reported to have higher CRP values than the control group. 25) In a study, patients with COPD had higher uric acid levels than the control group. 4) In a study, the uric acid level was higher for patients with severe COPD. 26) In some studies, hyperuricemia in COPD patients was identified as the biomarker of early death. 27) Compared to patients with low serum uric acid levels, patients with high serum uric acid levels had more severe airflow disorders and oxygen supply disorders; the uric acid level was higher in people with cardiovascular comorbidities than those without cardiovascular comorbidities. 28) In the present study, we did not consider the differences between socio-economic status and lifestyle among the par-ticipants nor the data of patients diagnosed with the disease.
In addition, participants who were taking uric acid-lowering agents were not identified. The frequency of food intake that could affect uric acid levels was not considered.
Consequently, further analyses could not be performed. As this was a cross-sectional study, we were unable to verify the causality between pulmonary function values and differences in clinical outcomes of hyperuricemia. In future studies, it is necessary to investigate the association between the pulmonary function values and the inflammatory factor, and the linkage between uric acid and inflammatory factors.
In conclusion, FVC, FEV1, FVC %predicted, and FEV1 %predicted exhibited a significantly negative association with serum uric acid levels only in females. In this study, hyperuricemia was associated with the low lung function in males and females. FVC %predicted and FEV1 %predicted were significantly negatively associated with serum uric acid levels in male non-smokers. This study suggest that uric acid levels can be a biomarker for the lung function. In order to obtain an accurate assessment of the association between hyperuricemia and pulmonary function values, further prospective cohort study in the future is necessary. 
